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Seasonal changes of phytoplankton communities in the coastal waters of the Gulf of Erdek from November 2006 to 
August 2008 were examined in relation to some environmental variables and 95 species from 6 different algae groups were 
identified. In addition, two species were recorded for the first time in the Turkish coastal waters and one species for the Sea 
of Marmara. The maximum total phytoplankton abundance (1.99 × 105 cells L-1) were observed in May 2008, with Pseudo-
nitzschia sp. being the most dominant species of that month (1.52 × 105 cells L-1). Both the Bray-Curtis diversity index and 
the Euclidean distance indicated that the upper and lower water layers were separated from each other at the stations, and the 
Spearman’s rank-correlation and CCA analyses also showed that environmental variables affected the abundance of species. 
Furthermore, according to the CCA diagram, especially the temperature and dissolved oxygen had a bigger impact on the 
distribution of species. The Shannon-Wiener diversity index (Hʹ) values were low when Pseudo-nitzschia sp., Prorocentrum 
micans, Gymnodinium sp. and Prorocentrum scutellum were dominant over other species in the sampling period. 
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Introduction 
The socio-economic importance of the Sea of 
Marmara is increased because about 20 % of Turkey’s 
population lives in provinces around the Sea of Marmara 
and a predominant proportion of Turkey's industrial 
production are mainly centered between Istanbul-Izmit. 
This sea is a means in terms of the sea trade of Black 
Sea countries, and the sea is used for recreation and 
tourism although not the desired level. The Sea of 
Marmara faces the pressure of domestic and industrial 
waste resulting from human activities. Sea traffic, which 
has increased in recent years especially in the Sea of 
Marmara which constitutes the Turkish Straits System 
(TSS) along with the Dardanelles and Bosphorus, and 
Black Sea-originated pollutants coming through the 
Bosphorus, further, intensifies this pressure. 
Ninenty percent of domestic and 70 % industrial 
wastes produced in developing countries such as 
Turkey, are discharged into coastal areas without being 
undergoing any treatment1. Marine ecosystems can 
tolerate wastes of a certain load and dispose of these 
wastes after a while. These wastewater discharges 
carried out continuously in the semi-closed seas such as 
the Sea of Marmara, increase the pollutant load and this 
can lead to excessive algae growth with increasing 
nutrients. The species that adapt most to the 
environment from the species in the phytoplankton 
assemblage can become dominant and bloom to change 
the color of the sea water, thus occuring red-tide 
events. The continuity of the excessive organic load 
increase in the water column may cause the 
accumulation of organic matter in the sediment, and the 
decomposition of this organic material may adversely 
affect the benthic life by providing an anoxic 
environment in the bottom waters2. 
In this study, it is aimed to determine the 
phytoplankton species living in the neritic waters of 
the Gulf of Erdek, the seasonal distribution of these 
species, and how harmful species present in the 
environment and some environmental factors affect 
the distribution of these species. The lack of a 
sufficient number of comprehensive studies in the 
Gulf of Erdek, the importance of the Gulf in terms of 
fishing and the threat of intense pollution in the Gulf 
of Erdek increase the importance of this study. 
Materials and Methods 
Study area 
Biga and Gönen streams flow into Gulf of Erdek 
where the study was carried out. In previous studies, it 




was determined that the terrestrial inputs brought by 
these streams had an impact on the increase in the 
metal concentration in the Gulf. The source of high 
mercury, chromium, copper and lead contents in the 
Gulf of Erdek is the transportation of rivers from the 
mines that lie behind the region3. The load of both 
streams is affected by the mineral deposits in the 
basins, the agricultural and food industries, and the 
domestic waste of the Biga and Gönen districts. This 
study was carried out seasonally (November, 
February, May and August) for two years between 
November 2006 and August 2008 in the neritic waters 
of the Gulf of Erdek.  
 
Sampling and lab analysis  
The seawater was sampled by using a 3-L Ruttner 
water sampler with a thermometer from 3 stations  
(St 1: 40°37'39'' N - 27°85'47'' E, St 2: 40°37'25''  
N - 27°81'78'' E, St 3: 40°36'92'' N - 27°78'89'' E) at  
3 different depths (0.5, 15 and 30 m; Fig. 1). Maximum 
depths of all stations were 30 m. Phytoplankton 
samples were collected horizontally and vertically  
(30 m) from each sampling station for taxonomic 
identification with 40 μm plankton net and fixed with 
neutral 4 % formaldehyde solution. Samples were 
observed under an Olympus CK2 model phase-contrast 
inverted microscope with digital imaging system. Also, 
phytoplankton abundance was calculated from 1 L 
fixed samples with Lugol's iodine solution that settled 
and concentrated to 10-50 ml during 24-48 hours. The 
cells were counted by using Sedgwick-Rafter cell, 
under a light microscope (Olympus CH30). The 
abundances were summarized as cells numbers per 
litre4. Small size species (< 40 µm) not found in the net 
sampling were obtained by this sedimentation method 
and added to the species list. 
The findings on the environmental variables 
[temperature, salinity, dissolved oxygen (DO), 
nitrate+nitrite (NO3+NO2-N), phosphate (PO4-P), 
silicate (SiO4-Si) and chlorophyll-a (chl-a)] at the 
sampling stations were published in Balkis et al.5 and 
these abiotic variables were statistically evaluated by 
correlating with phytoplankton species and abundance 
in this study. 
 
Statistical analysis 
Spearman’s rank correlation coefficient6 was used to 
detect any correlation among the environmental 
variables and micro phytoplankton assemblages.  
The similarity between the stations in terms of  
number of individuals was calculated using the  
Bray-Curtis similarity index [log (x + 1)]7 with the 
“Primer v6 software” program, and also the Euclidian 
distance (ED) was used for the similarity between the 
stations in terms of environmental variables7. In the 
estimation of species diversity, the most common index, 
Shannon-Wiener (log2 base) was used8. Seasonally 
ecological dynamics between the environmental 
variables and main phytoplankton groups were analysed 
by using Canonical Correspondence Analysis (CCA) 
with forward selection using Monte Carlo permutation 
test (p < 0.05)9. 
 
Fig. 1 — Sampling stations in the Gulf of Erdek 





Phytoplankton composition, succession and abundance 
At the end of the study, 61 species (64 %) 
belonging to the Dinophyceae class, 28 species (30 
%) belonging to the Bacillariophyceae class, three 
species (3 %) belonging to the Dictyochophyceae 
class, and one species (1 %) belonging to each 
Euglenophyceae, Prasinophyceae and Chlorophyceae 
classes were identified from 3 stations and depths 
(0.5, 15, 30 m). In total, 95 species were obtained 
(Table 1). Dinoflagellates remained the most 
dominant group throughout the study and the highest 
number of species belonged to the Protoperidinium 
(13 species), Tripos (9 species) and Dinophysis  
(7 species). Also, two new species for Turkish  
seas (Gymnodinium dogielii and Heterodinium 
rigdeniae; Fig. 2) and Amphidinium sphenoides 
species, which has been previously reported in 
Turkish seas (Gulf of Bandırma), has been recorded 
for the second time. One of the identified species 
(Pseliodinium fusus) is the new record for the Sea of 
Marmara. The records of A. sphenoides, G. dogielii, 
P. fusus (= G. falcatum) and H. rigdeniae in the  
Sea of Marmara were presented in a symposium10. 
The highest number of species was recorded at  
a depth of 0.5 m from station 1 (54 species),  
which was followed by a 0.5 m depth (52 species) at 
station 3. 
 
Table 1 — List of phytoplanktonic taxa based on net plankton and quantitative samples in the Gulf of Erdek  
(*first record for the Turkish waters, **first record for the Sea of Marmara) 
 
Taxa 
Gulf of Erdek 
Station 1 Station 2 Station 3 
0.5m 15m 30m 0.5m 15m 30m 0.5m 15m 30m 
Dinophyceae                   
Akashiwo sanguinea (K. Hirasaka) G. Hansen & Ø. Moestrup,
2000 + +     +   + + + 
Alexandrium minutum Halim, 1960 +     + +   + + + 
Amphidinium sphenoides WüIff, 1916             +     
Dinophysis acuminata Claparède & Lachmann, 1859   +     +     +   
Dinophysis acuta Ehrenberg, 1839 +       +         
Dinophysis caudata Saville-Kent, 1881 + +   + + + + +   
Dinophysis fortii Pavillard, 1923             +     
Dinophysis hastata Stein, 1883         +     +   
Dinophysis sacculus Stein, 1883   +               
Dinophysis sp.     +     + +   + 
Diplopsalis lenticula Bergh, 1881 + +   +     +     
Gonyaulax fragilis (Schütt) Kofoid, 1911 + + + + + + + + + 
Gonyaulax spinifera (Claparède & Lachmann) Diesing, 1866 +   +             
Gonyaulax sp.             +   + 
Gymnodinium catenatum H. W. Graham, 1943   +               
*Gymnodinium dogielii Kofoid et Swezy, 1921 +       +       + 
Gymnodinium sp. + + + + + + + + + 
Gyrodinium fusiforme Kofoid & Swezy, 1921 + + + + + + + + + 
Gyrodinium sp. + +               
Heterocapsa triquetra (Ehrenberg) Stein, 1883 +   + +     +     
*Heterodinium rigdeniae Kofoid, 1906         +         
Kofoidinium velleloides Pavillard, 1929 + + + + +   + + + 
Noctiluca scintillans (Macartney) Kofoid & Swezy, 1921 + + + + + + + + + 
Oxytoxum scolopax Stein, 1883                 + 
Oxytoxum sp.  + +   + +   + + + 
Phalacroma oxytoxoides (Kofoid) F. Gomez, P. Lopez-Garcia
& D. Moreira, 2011           +   +   
Phalacroma rotundatum (Claparéde & Lachmann) Kofoid &
Michener, 1911 + + + + + + + + + 
(Contd.)




Table 1 — List of phytoplanktonic taxa based on net plankton and quantitative samples in the Gulf of Erdek  
(*first record for the Turkish waters, **first record for the Sea of Marmara) (Contd.) 
 
Taxa 
Gulf of Erdek 
Station 1 Station 2 Station 3 
0.5m 15m 30m 0.5m 15m 30m 0.5m 15m 30m 
Podolampas palmipes Stein, 1883   + +   + +     + 
Polykrikos schwartzii Bütschli, 1873 + + + + +   + +   
Prorocentrum compressum (J. W. Bailey) Abé ex J. D. Dodge,
1975 + +   + + + + + + 
Prorocentrum cordatum (Ostenfeld) J. D. Dodge, 1975 +  +   +     + +   
Prorocentrum micans Ehrenberg, 1834 + + + + + + + + + 
Prorocentrum scutellum Schröder, 1900 + + + + + + + + + 
Prorocentrum triestinum J. Schiller, 1918 + +   + + + + +   
Protoperidinium bipes (Paulsen) Balech, 1974 +           +     
Protoperidinium conicum (Gran) Balech, 1974 +                 
Protoperidinium crassipes (Kofoid) Balech, 1974   +               
Protoperidinium curtipes (Jørgensen) Balech, 1974         +     +   
Protoperidinium depressum (Bailey) Balech, 1974 + +     + + + +   
Protoperidinium divergens (Ehrenberg) Balech, 1974 + + + + + + + + + 
Protoperidinium oblongum (Aurivillius) Parke & Dodge, 1976             +     
Protoperidinium oceanicum (VanHöffen) Balech, 1974         +         
Protoperidinium paulsenii (Pavillard) Balech, 1974       +           
Protoperidinium pellucidum Bergh, 1881 + +   +           
Protoperidinium pyriforme (Paulsen) Balech, 1974 +   + + + + + + + 
Protoperidinium steinii (Jørgensen) Balech, 1974 + + + +     +     
Protoperidinium sp. + + + + +   + +   
**Pseliodinium fusus (F. Schütt) F. Gomez, 2018  
(= Ceratoperidinium falcatum = Gymnodinium fusus)   + +           + 
Pyrocystis hamulus Cleve, 1900           +       
Pyrophacus sp.       +           
Scrippsiella trochoidea (Stein) Loeblich III, 1976 + + + + + + + +   
Torodinium sp.       + +         
Tripos falcatus (Kofoid) F. Gómez, 2013 +                 
Tripos furca (Ehrenberg) F. Gómez, 2013 + + + + + + + + + 
Tripos fusus (Ehrenberg) F. Gómez, 2013 + + + + + + + + + 
Tripos gibberus (Gourret) F. Gómez, 2013             +     
Tripos horridus (Cleve) F. Gómez, 2013 +       +   +     
Tripos macroceros (Ehrenberg) F. Gómez, 2013                 + 
Tripos massiliensis (Gourret) F. Gómez, 2013 +                 
Tripos muelleri Bory de Saint-Vincent, 1824 + + + + + + + +   
Tripos trichoceros (Ehrenberg) Gómez, 2013 + +   + + + + + + 
Species number of dinoflagellates 38 33 22 30 34 22 36 29 24 
Bacillariophyceae                   
Achnanthes brevipes C. Agardh, 1824   + +             
Amphora sp.     +             
Cerataulina pelagica (Cleve) Hendey, 1937      +   + + + + + 
Chaetoceros sp. + + + + +   + + + 
Climacosphenia sp.   +               
Cocconeis sp.             +     
Coscinodiscus radiatus Ehrenberg, 1840 + + + +           
Coscinodiscus sp. + + + + + + + + + 
(Contd.)




Table 1 — List of phytoplanktonic taxa based on net plankton and quantitative samples in the Gulf of Erdek  
(*first record for the Turkish waters, **first record for the Sea of Marmara) (Contd.) 
 
Taxa 
Gulf of Erdek 
Station 1 Station 2 Station 3 
0.5m 15m 30m 0.5m 15m 30m 0.5m 15m 30m 
Cylindrotheca closterium (Ehrenberg) Reimann & J. C.
Lewin, 1964 + + + + + + + + + 
Dactyliosolen fragilissimus (Bergon) Hasle, 1996 + +   +           
Diploneis bombus (Ehrenberg) Ehrenberg, 1853     +             
Ditylum brightwellii (T. West) Grunow, 1885                 + 
Guinardia flaccida (Castracane) H. Peragallo, 1892 + + + + + + + + + 
Gyrosigma reversum (Gregory) Hendey, 1986     +             
Hemiaulus hauckii Grunow ex Van Heurck, 1882 +     + +     +   
Navicula sp.     +       +     
Nitzschia lorenziana Grunow, 1879     +             
Nitzschia sigmoidea (Nitzsch) W. Smith, 1853     +             
Nitzschia sp.   + +             
Pleurosigma sp.   + +   +         
Proboscia alata (Brightwell) Sundström, 1986 + +   +           
Pseudo-nitzschia sp. + + + + + + + + + 
Pseudosolenia calcar-avis (Schultze) B.G.Sundström, 1986 + + + + + + + + + 
Rhizosolenia setigera Brightwell, 1858                 + 
Rhizosolenia styliformis T. Brightwell, 1858             +     
Skeletonema costatum (Greville) Cleve, 1873 +     + + + +   + 
Synedra undulata (J. W. Bailey) Gregory, 1857     +             
Thalassiosira rotula Meunier, 1910 + + + + + + + + + 
Species number of diatoms 12 14 19 12 11 8 12 9 11 
OTHERS                   
Dictyochophyceae                   
Dictyocha fibula Ehrenberg, 1839 + + +       + +   
Dictyocha speculum Ehrenberg, 1839 + +   + + + + + + 
Octactis octonaria (Ehrenberg) Hovasse, 1946             +     
Euglenophyceae                   
Eutreptiella sp. +   + +     + + + 
Prasinophyceae                   
Halosphaera viridis F. Schmitz, 1878 +                 
Chlorophyceae                   
Pediastrum simplex Meyen, 1829     +             
Species number of other groups 4 2 3 2 1 1 4 3 2 
Total dinoflagellates 38 33 22 30 34 22 36 29 24 
Total diatoms 12 14 19 12 11 8 12 9 11 
Total other groups 4 2 3 2 1 1 4 3 2 
Total Phytoplankton 54 49 44 44 46 31 52 41 37 
 
Throughout the study, dinoflagellates were 
dominant compared to diatoms. The maximum 
abundance of phytoplankton was obtained from the 
0.5 m depth (1.99 × 105 cells L-1) of the station  
1 during the May 2008 sampling period (Fig. 3) and 
the Pseudo-nitzschia sp. played an important role in 
this increase (1.52 × 105 cells L-1). Diatoms were 
dominant only in this sampling period compared to 
dinoflagellates due to the increase in Pseudo-nitzschia 
sp. and some species of diatoms were dominant at 
some sampling period and the depths. Overall in the 
study, phytoplankton abundance was observed at the 
highest value in the surface layer where the daylight 
was strong. In recent years, an increase has been 
observed in the incidence of the harmful algae, which 
is described as the sudden and abnormal growth of 




one or more phytoplankton species in the seas. In this 
study, 20 potentially harmful phytoplankton species 
were detected in the Gulf of Erdek (Table 2), but most 
species did not show excessive reproduction. Of these 
species, only Cylindrotheca closterium (2 × 104 cells 
L-1, August 2008, St 3, 30 m) and Pseudo-nitzschia 
sp. (1.52 × 105 cells L-1, May 2008, St 1, 0.5 m) from 
diatoms and Prorocentrum micans (3.8 × 104 cells L-1, 
May 2008, St 3, 0.5 m) and Gonyaulax fragilis 
(1.8×104 cells L-1, February 2008, St 3, 30 m) from 
dinoflagellates were the species which reached the 
highest number of individuals.  
Environmental variables and statistical analysis 
During the sampling period, water temperature 
ranged between 6.5 and 25.5 ºC, salinity between 22.4 
and 38.6 psu, dissolved oxygen between 3.78 mg L-1 
(11.84 v%) and 14.96 mg L-1 (168.16 v%), the amount 
of NO3+NO2-N between 0.07 and 5.41 μg-at N L
-1, 
PO4-P (0.09-2.11 μg-at P L
-1), SiO4-Si (0.28-21.62 
μg-at Si L-1; Fig. 4) and chlorophyll-a values between 
0.10 and 2.83 μg L-1(ref. 5). In terms of sewater 
temperature, especially in hot periods, a decrease was 
observed from the surface to the deep, whereas in 
cold periods the opposite was observed. In addition, 
sudden temperature changes were detected after the 
depth of 15 m. In terms of seawater salinity, the 
highest value was obtained at the depth of 30 m, 
which is the deepest point in the stations, and there 
was a significant increase in the salinity from surface 
to the deep throughout the study. DO values were 
measured as higher in the upper layer and showed 
decrease towards to the deeper layers. DO levels were 
low in the deeper layers, which were rich in nutrients. 
The consuming of nutrients in the upper layer was 
determined to be higher in the Gulf. A significant 
increase was detected in N/P ratios that were lower 
than the Redfield ratio of 16/1, from the upper layer to 
the lower throughout the study. According to the 
results of the Spearman’s rank correlation coefficient 
(Table 3), the seawater temperature only showed a 
positive correlation (p ˂ 0.05) with the number of 
dinoflagellate species, which is the dominant group in 
the study, and the salinity and temperature were found 
to be negatively correlated (p ˂ 0.01). In contrast to 
these values, while the salinity values increased, 
decreases in dissolved oxygen values were observed 
depending on the increase in depth (p ˂ 0.01). 
Dissolved oxygen values were negatively correlated 
with nitrogen, phosphorus (p ˂ 0.01) and silica (p ˂ 
0.05). Furthermore, due to the increase in depth, 
phytoplankton species number and abundance 
decreased along with the concentration of nutrients 
and salinity increase (p ˂ 0.01). In terms of 
chlorophyll-a values, a decrease was observed in 
parallel with the increase in depth in the sampling. As 
seen in Figure 3, the highest phytoplankton 
abundance was observed in the surface layer where 
the daylight was strong and the lowest nutrient values 
were measured at this depth (Fig. 4). The abundance 
of dinoflagellate (p ˂ 0.01) and diatom (p ˂ 0.05), 
which are among the dominant groups of the study, 
were found to be positively correlated with chl-a 
values  (Table 3). 
 
 
Fig. 2 — New record species in the Gulf of Erdek: a)
Gymnodinium dogielii, b) Heterodinium rigdeniae, and c)
Pseliodinium fusus (Scale bar: 50 µm) 
 
 
Fig. 3 — Seasonal variations in the abundance (cells/L) of
different microphytoplankton groups for all depths 







Table 2 — Potentially harmful species (HAS) observed in the Gulf of Erdek which have had harmful impacts indicated elsewhere,  
and their maximum abundances (cells/L) 
Taxa Trophic state Maximum abundances (cells/L) Harmful effects 
Dinoflagellates    
Alexandrium minutum Auto 360 HAB, PSP toxin 
Dinophysis acuminata Auto 1x103 HAB, DSP toxin 
D. acuta  Auto 120 DSP toxin 
D. caudata Auto 2x103 HAB, DSP toxin, Ichthyotoxins 
D. fortii Auto 280 HAB, DSP toxin 
Gonyaulax fragilis Auto 1.8x104 Mucilage formation 
Noctiluca scintillans Hetero 980 HAB, Fish and shellfish kills due to high levels of
ammonia after red-tide  
Phalacroma rotundatum Hetero 600 DSP toxin 
Prorocentrum micans Auto 3.8x104 HAB, hyperoxia, anoxia, shellfish kills 
P. triestinum Auto 1.7x103 HAB, fish-killing 
Protoperidinium crassipes Hetero 120 Producer of azaspiracid (AZP) 
Scrippsiella trochoidea Auto 8.9x103 HAB, fish-killing 
Tripos furca  Mixo 5x103 HAB, fish-killing, anoxia 
Tripos fusus Mixo 1.5x103 Fish-killing 
Diatoms    
Cerataulina pelagica Auto 1.4x103 HAB 
Cylindrotheca closterium Auto 2x104 HAB 
Guinardia flaccida Auto 3.7x103 HAB 
Pseudo-nitzschia sp.  Auto 1.52x105 HAB, ASP toxin 
Skeletonema costatum Auto 2x103 HAB 
Dictyochophycean    
Dictyocha fibula Auto 480 Fish-killing 
Trophic state (auto-, hetero- or mixotrophic), PSP: paralytic shellfish poisoning, DSP: diarrhetic shellfish poisoning, ASP: amnesic
shellfish poisoning. The effects of HAS were summarized according to previous work22.  
 
Considering the number of individuals, it was 
reported that two separate groups were formed with 
approximately 55 % similarity according to the Bray-
Curtis similarity index (Fig. 5). The depth of 0.5-15 m 
representing the upper layer, and the 15-30 m depth 
representing the lower layer, were separately grouped 
in all stations. The maximum similarity between the 
stations was obtained at station 1 and 2 with 0.5 m 
depth (85 %) and station 2 and 3 with 15 m depths 
(82 %). Figure 6 presents Euclidian distance analysis 
performed in order to determine the similarity between 
the stations in terms of environmental variables. When 
ED was taken as 4 as a reference, it was determined 
that the waters of the upper layer (0.5-15 m) and lower 
layer (15-30 m) were grouped separately in all stations 
as in Bray-Curtis similarity index. 
According to the Shannon-Wiener diversity index 
(Fig. 7), through which species diversity and 
abundance were evaluated together, the highest 
number of individuals were obtained in May 2008, at 
the depths of 0.5 m (Hʹ = 1.18) and 15 m (Hʹ = 0.89) 
at the station 1 and at the depths of 0.5 m (Hʹ = 1.42) 
and 30 m (Hʹ = 1.34) at the Station 2. However, since 
Pseudo-nitzschia sp. and P. micans were dominant 
compared to other species, low Hʹ values were 
obtained. Similarly, these values were found to be low 
in May 2007 sampling because Gymnodinium sp. 
species in Station 1 (Hʹ = 1.47) and Station 3 (Hʹ = 
1.04) at 0.5 m depth and in February 2007 sampling, 
P. scutellum species in Station 2 (Hʹ = 1.08) at 0.5 m 
depth increased excessively. Throughout the sampling 
period, Hʹ values ranged between 0.89 and 3.64. 
In the DCA analyses (Fig. 8), the length of the 
gradients was 3.28 for the second axis, indicating that 
the microplankton species assemblages showed 
nonlinear variation and are suitable for direct gradient 
canonical correspondence analysis (CCA). The 
eigenvalues of the first two axes were λ1 = 0.293 and 
λ2 = 0.154 and accounted for 42.9 % of the variance 
with the high species-environment correlations  
(93.3 % and 84.1 %) which indicated a strong 
correlation between the environmental variables and 
microplankton species. The first axis was positively 
correlated with salinity, chl-a, dinoflagellate abundance  




 (N-Dino), N/P, N/Si, diatom species number (S-Diat) 
and negatively correlated with temperature, DO and 
dinoflagellate species number (S-Dino). Dinoflagellate 
abundance and DO was positively correlated to axis 2, 
while chl-a, salinity, temperature, N/P, N/Si, species 
number of diatom and dinoflagellate negatively. 
Seasonally, sampling periods showed great horizontal 
dispersion which were distinctly divided and  
grouped within themselves throughout axis 1  
such as November 2006−August 2007 and November 
2007−August 2008. 
Seawater temperature, DO and dinoflagellate 
species number was predictably linked to the first 
sampling periods (November 2006−August 2007). The 
increase in the temperature and DO concentration and 
 
 
Fig. 4 — Seasonal variations in the nutrients (µg-at/L) for all 
depths 
Table 3 — Spearman’s rank-correlation matrix (rs) to correlate microphytoplankton assemblages and environmental variables in the 
study area (**p ˂ 0.01, *p ˂ 0.05) 
Temperature Salinity DO Chl-a Nitrogen Phosphorus Silica N/P N/Si 
Salinity -,360**   
Dissolved oxygen (DO) -,071 -,390**   
Chlorophyll-a (Chl-a) -,335** -,280* ,151   
Nitrogen -,117 ,675** -,455** -,448**   
Phosphorus ,005 ,625** -,397** -,345** ,593**   
Silica -,216 ,751** -,266* -,336** ,525** ,618**   
Total species number ,195 -,476** ,175 ,399** -,367** -,160 -,465** -,402** -,010 
Total cell abundance  -,045 -,433** ,121 ,514** -,247* -,414** -,576** -,095 ,213 
Dinoflagellate species number ,293* -,545** ,254* ,268* -,479** -,135 -,399** -,567** -,232 
Dinoflagellate abundance ,042 -,555** ,286* ,596** -,447** -,409** -,599** -,347** -,008 
Diatom species number -,039 -,034 -,288* ,203 ,152 -,126 -,276* ,283* ,505** 
Diatom abundance -,207 -,096 -,189 ,269* ,107 -,185 -,360** ,240* ,450** 
 
 
Fig. 5 — Bray-Curtis similarity diagram of the sampling stations 




Fig. 6 — Euclidean Distance (ED) similarity diagram of the 
sampling stations according to environmental variables 




in the number of dinoflagellate species is evident in 
this period. On the other hand, dinoflagellate 
abundance, the number of diatom species and the 
nutrient ratios was predictably linked to the second 
sampling periods (November 2007−August 2008). The 
length of the selected environmental arrows (except 
dinoflagellate abundance, salinity and chl-a) and their 
orientation on the biplot indicate its relative importance 
to the species. N/P and N/Si, which are correlated with 
dinoflagellate abundance and diatom species number, 
showed especially positive significant effect on the 
distribution of the diatom. Mostly dinoflagellate 
species together with three diatom species  
(C. closterium, H. hauckii and P. alata) were scattered 
around the center of the CCA. Especially, some species 
from Dinophyceae (A. minutum, Dinophysis sp.,  
G. fragilis, Oxytoxum sp., P. micans, P. steinii, and  
S. trochoidea) and Bacillariophyceae (C. closterium, 
H.hauckii and Pseudo-nitzschia sp.) come to the fore in 
relation to the second sampling period and are scattered 
around the center of the CCA diagram. Dinoflagellate 
abundance and the second sampling periods  




In the present study 95 phytoplankton taxa were 
identified belonging to the six classes. Among these 
classes, dinoflagellates were the most dominant group 
in terms of species and abundance. In the study, two 
new species for Turkish coastal waters and one new 
species for the Sea of Marmara were recorded. 
Among the species identified, the cyst of G. spinifera, 
rarely observed in the Sea of Marmara, which was 
also encountered in the Gulf of Gemlik11 and the 
vegetative phase  of  this  species  was  reported  from 
Gulf of Gemlik12. Pseliodinium fusus identified in  
this study was reported by Bizsel et al.13 and  
Altug et al.14 as P. vaubanii and by Colak-Sabanci15 
as Ceratoperidinium falcatum from the Aegean Sea. 
Therefore, P. fusus identified in our study is the first 
record for the Sea of Marmara. This species has 
previously been reported from the Black Sea16,17. 
The first check-list study in the Sea of Marmara 
was conducted in 2004(ref. 18) and reported a total of 
168 phytoplankton species. In the second 
comprehensive check-list study19, and other 
phytoplankton studies in the Sea of Marmara 
including straits were evaluated and reported 333 
phytoplankton species at 40 genus level until 2016. Of 
these, 273 taxa belong to the Sea of Marmara, 135 
taxa belong to the Golden Horn estuary, 70 taxa 
belong to the Bosphorus and 64 taxa belong to the 
Dardanelles. After 2016, the new species were 
recorded. With the addition of some species such as 
Chaetoceros aequatorialis, C. contortus, and C. 
lorenzianus f. forceps20 from the Golden Horn 
estuary, Amphisolenia laticincta, Cochlodinium sp., 
Gonyaulax spinifera, Gynogonadinium aequatoriale, 
Heterocapsa rotundata, Metaphalacroma sp. and 
Tripos massiliensis12 from the Gulf of Gemlik, 
Corythodinium frenguellii, Gonyaulax cf. scrippsae, 
 
Fig. 7 — Seasonal variations of the Shannon-Wiener index
(Hʹlog2) according to stations (a – c) 




Pronoctiluca pelagica and Nitzschia incerta21 from 
the Burgaz Island, this species number reached to 347 
for the Turkish Straits System and to 284 for the Sea 
of Marmara. For Turkish coastal waters, with the 
addition of two new species (Gymnodinium dogielii 
and Heterodinium rigdeniae) reported in this study 
and one new species (Pseliodinium fusus) for the Sea 
of Marmara, current species list has been identified as 
350 for the Turkish Straits System and 287 for the Sea 
of Marmara. As can be seen, 95 (~ 27 %) of the 350 
taxa reported from the Turkish Straits System to the 
present and ~ 33 % of the 287 taxa reported from the 
Sea of Marmara have been identified in this study. 
In this study carried out in the Gulf of Erdek, the 
percentage of dinoflagellate species (64 %) was 
higher than the percentage of diatom species (30 %). 
 
 
Fig. 8 — Ordination of canonical correspondence analysis (CCA) showing the distribution of sampling dates, microphytoplankton
assemblages in relation to the rest of the environmental variables in the study area (S-Dino: Dinoflagellate species number; N-Dino: 
Dinoflagellate abundance; S-Diat: Diatom species number). 




In a study conducted around Bozcaada in the Aegean 
Sea, dinoflagellates (50 %) were reported to be more 
dominant than diatoms (47 %) in terms of species 
number22. In a study carried out in the northwest coast 
of the Mediterranean in Villefranche Bay (Gomez & 
Gorsky23; dinoflagellates 52 %, diatoms 43 %), in the 
Gulf of Genoa (Bernhard & Rampi24; 48 % 
dinoflagellates, 31 % diatoms) and the Sea of 
Marmara (Balkis2; dinoflagellates 52 %, diatoms  
40 %) and Burgaz Island (Kayadelen21; 
dinoflagellates 49 %, diatoms 47 %), dinoflagellates 
were reported to be more diverse than diatoms. 
According to present study revealing the current 
species diversity in the Sea of Marmara19, it is seen 
that diatoms are represented with more species 
diversity than dinoflagellates. Balkis & Tas19 reported 
in their study that the number of species of diatoms 
was reported to be more dominant than dinoflagellates 
since they included studies carried out on benthic 
microalgae in their checklist. Also, since many studies 
have been completed to date, many more species have 
been reported compared to the number of species 
obtained in this study conducted in the Gulf of Erdek. 
The diatoms which support the findings of Balkis & 
Tas19 are also similarly dominant in terms of species 
diversity in the studies carried out in the northwest 
coasts of the Mediterranean (Velasquez & Cruzado25; 
diatoms 51 %, dinoflagellates 36 %) and on the 
northeast coasts (Polat & Piner26; diatoms represented 
57.4 % and dinoflagellates 37.2 %). In addition, in the 
Aegean Sea, diatoms and dinoflagellate species 
represented, 45.8 % and 41.2 %, respectively27. In the 
studies conducted to date, the proportional differences 
of the phytoplankton groups showed against each 
other in terms of species diversity maybe caused by 
the fact that regional climate changes, increasing 
temperature, industrialization and anthropogenic 
pressures leading to regional differences28. In 
addition, as known, Black Sea waters with low 
salinity affect the surface waters of the Sea of 
Marmara. According to Turkoglu29, diatoms in the 
Black Sea in the 1960-1970 period were dominant 
with populations they formed, however; recent studies 
have shown that dinoflagellates species have 
increased in the phytoplankton assemblages.  
It was also reported that in case there is an excessive 
nutrient load in the ambient waters, a decline in the 
number of phytoplankton species and a proportional 
differentiation between the taxonomic groups might 
be seen as an indication of stress30. The increase in the 
dinoflagellate species in terms of variety compared to 
diatoms in ambient waters show the negative change 
growing day by day and that the Sea of Marmara is 
especially affected by the waters of the Black Sea. 
Among the potentially harmful species observed in 
the study, it was reported that from the diatoms 
reaching the highest abundance, C. closterium and 
Pseudo-nitzschia sp. and from the dinoflagellates 
reaching the highest abundance G. fragilis affected 
the formation of mucilage in the Sea of Marmara31,32. 
In addition, the other dominant species P. micans 
causes the red-tide event and although its maximum 
abundance in the study (3.8 × 104 cells L-1) is not 
sufficient to change color. Similarly, 22 species, 
which cause harmful effects in the Gulf of Bandırma, 
another Gulf on the south of the Sea of Marmara, such 
as Gulf of Erdek, were identified and it was reported 
that none of the species reached an abundance to 
cause a negative effect33. The highest abundance of  
P. micans species in the Gulf of Erdek with a 
maximum abundance of 3.8 × 104 cells L-1 was 
reported as compared to 1.62 × 105 cells L-1 in the 
Gulf of Bandırma. This brackish water species was 
also reported to be dominant in the study conducted in 
Burgaz Island (1.36 × 105 cells L-1)21 indicating that 
Black Sea waters with low salinity affect the surface 
waters of the Sea of Marmara. 
The highest abundance of G. fragilis responsible 
for mucilage event was found to be 1.8 × 104 cells L-
1(ref. 34) from Büyükada and 1.2 × 104 cells L-1(ref. 33) 
from Gulf of Bandırma as close values to the Gulf of 
Erdek. However, higher values (1.61 × 105 cells L-1) 
have been reported in the study conducted in the Gulf 
of Izmit, which is under the influence of heavy 
pollution31. In a study at Black Sea, Bodeanu et al.34 
stated that organisms larger than 50 µm may cause 
harmful effects when they reach 105 cells per liter. 
Therefore, species that produce toxin or have the 
potential for over-proliferation should be monitored. 
It is known that the increase in seawater 
temperature may increase cell densities of diatoms 
and dinoflagellates35. Balkis et al.5 stated that there is 
no significant difference between the surface water 
temperature of the stations in the same region and a 
significant change occurs in the temperature values 
after 15 m depth. Similarly, in present study, the 
seawater temperature showed only a positive 
correlation with the number of dinoflagellate species 
(p ˂ 0.05), which is the dominant group in the study. 
Also, it is known that the temperature shows 




variations according to the seasons and depth and the 
most important factor affecting the surface water is 
the weather conditions36. In addition, the daily 
temperature change in shallow waters is at most  
2 ºC37. The sea water temperature, which was 
negatively related with seawater salinity (p ˂ 0.01), 
was positively correlated (p ˂ 0.05) with the dominant 
group, dinoflagellate species number in the study. 
Similar results were also obtained in CCA analysis 
and it was also found that salinity showed negative 
correlation with dinoflagellate abundance while 
positively correlated with temperature. In the previous 
study which was carried out in the Sea of Marmara, 
the percentage of the HAB species in the total 
phytoplankton was negatively correlated with 
seawater salinity while positively correlated with 
temperature12. 
As the depth increased, the salinity values of the 
bottom layer increased with respect to the upper layer. 
As known, brackish waters that come from the Black 
Sea via the Bosphorus are effective in the depths of 0-
20 m in the Sea of Marmara38. This is due to the 
reduction of dissolved oxygen level as a result of 
biochemical reactions due to the accumulation of 
detritic material in the bottom layer where the 
Mediterranean water is effective. This is confirmed by 
the negative relationship of dissolved oxygen values 
with nitrogen, phosphorus (p < 0.01) and silica  
(p < 0.05). Additionally, the first axis was positively 
correlated with salinity, chl-a, dinoflagellate 
abundance, the number of diatom species, N/P and 
N/Si ratios while negatively correlated with 
temperature, DO and the number of dinoflagellate 
species on the ordination diagram. In terms of 
chlorophyll-a values, the most important reason for 
the decrease parallel to the increase in depth 
throughout the sampling is the concentration of 
phytoplankton which requires light in the upper layer 
and the decrease of light due to the increase in depth 
and therefore phytoplankton do not prefer these 
depths. The phytoplankton dynamics are controlled by 
the allogeneic (temperature, salinity, etc.) and 
autogenic (nutrients, water quality, etc.) factors39. 
Both the Bray-Curtis similarity index and the 
Euclidean distance indicated that upper and lower 
water layers were separated from each other in the 
stations, and the Spearman and CCA analyses showed 
that environmental variables were effective in the 
abundance of species. The Shannon-Wiener diversity 
index results also showed that Hʹ values were low 
when Pseudo-nitzschia sp., P. micans, Gymnodinium 
sp. and P. scutellum species were dominant over other 
species in the sampling period. Ignatiades40 stated that 
in the periods of sudden increases in phytoplankton, 
species diversity decreased and higher species 
diversity would be found in the periods when the 
distribution of species in terms of abundance was 
balanced. Because of the two-layer stratified water 
system in the Sea of Marmara, increase in salinity, 
decrease in temperature and light with increasing 
depth are effective factors on the distribution of the 
species in both Spearman and CCA analysis. 
According to the CCA diagram, temperature and 
dissolved oxygen was more effective especially on the 
distribution of species, while salinity was less 
effective. Dissolved oxygen which was associated 
with the first sampling period (November 
2006−August 2007), is negatively correlated with 
Chl-a and salinity on the ordination diagram. This 
situation may be related to the Black Sea water input 
having low salinity. The surface waters of the Sea of 
Marmara are renewed twice a year with the Black Sea 
originated waters, which is highly polluted, saturated 
with oxygen and is rich in organic matter41. There is 
an increase in the nutrient concentration of the surface 
waters of the Sea of Marmara because of the surface 
waters which is rich in nutrients from the Black Sea 
between November – April and further intrusion in 
bottom water with vertical mixing in winter42. Balkis2 
reported that the increase in the amount of nutrients 
which resulted in high photosynthetic activity in 
surface waters as a result of the disappearance of the 
stratification with the effect of wind and a mixture of 
water from the bottom to the surface in the autumn 
and winter periods. In the previous study, because of 
the Black Sea originated waters and vertical mixtures 
enriched with nutrients in the winter season, the 
NO3+NO2-N values were measured above 1 μg-at L
-1 
in the water column from the surface to the depth of 
50 m at the inner station of the Gulf of Gemlik12. 
In the second sampling period (November 
2007−August 2008) where intense mucilage formation 
is observed in the Sea of Marmara, the cause of the 
positive relationship between salinity and 
dinoflagellate abundance can be explained by the effect 
of the bottom water. Halocline layer which separate 
Black Sea originated water from Mediterranean water 
mass in the Sea of Marmara has an important role on 
the distribution of nutrients. The compensation depth, 
which is approximately at 20 m from the surface, 




indicates that the lowest limit of the euphotic zone is 
determined by the halocline layer43. In the second 
sampling period, when the dense mucilage formation 
was observed in the Sea of Marmara, the cause of the 
positive relationship between salinity and 
dinoflagellate abundance on the ordination diagram can 
be explained by the effect of the Mediterranean 
originated bottom waters. In the previous study, Balci 
& Balkis12 detected anomalies in the Gulf of Gemlik 
between temperature and salinity throughout the water 
column which could be evaluated as a result of the 
local upwelling events because of the negative 
correlation between temperature and salinity through 
water column with the depth in the presence of 
Mediterranean originated water. Additionally, 
noticeable upwelling event of warm salty waters was 
also detected in the Gulf of Gemlik in the numerical 
model of the previous study44. 
The highest species number and abundance which 
was dominated by Pseudo-nitzschia sp. and P. micans 
obtained in the study was recorded in May 2008. In 
the ordination analysis, dinoflagellate abundance and 
diatom species number and the nutrient ratios was 
predictably linked to the second sampling periods 
(November 2007−August 2008). Additionally, 
dinoflagellate abundance and the second sampling 
periods were associated with some HAB species on 
the diagram. Indeed, Balkis et al.32 reported a very 
dense mucilage formation with the contribution  
of five phytoplankton species C. closterium,  
Pseudo-nitzschia sp., S. costatum, T. rotula 
(Bacillariophyceae) and G. fragilis (Dinophyceae) to 
be as dominant organisms in the Sea of Marmara 
between January and February 2008. They reported 
firstly presence of G. fragilis and dense mucilage 
formation in the Sea of Marmara. Ricci et al.45 
detected higher surface seawater temperature and 
lower surface water salinity values during mucilage 
formation in the spring months in the northern 
Adriatic Sea. Most of phytoplankton species, 
especially dinoflagellates scattered around the center 
of the CCA diagram indicated that these species are 
widely distributed in the study area46 and are not 
affected by environmental variables too much47. It can 
be interpreted that the environmental conditions of 
this region as eutrophic character because of the 
dominant phytoplankton groups, which are not 
affected by the environmental variables and have a 
high level of tolerance in the Sea of Marmara. 
In conclusion, while the seawater salinity negatively 
affected the abundance of dinoflagellate, especially 
nitrogen and silica had a negative effect on the 
abundance of phytoplankton. The N:P ratio of less 
than 16:1 and N:Si ratio of less than 1 showed that N 
was limiting nutrient and controled the phytoplankton 
abundance. This result is consistent with the findings 
of previous studies in the Marmara Sea. The decrease 
in the light penetration and increase in the salinity due 
to the depth had a negative effect on the abundance of 
the species. DO concentration in the surface layer 
reached high values due to increase in phytoplankton 
activity and relation with atmosphere, but DO values 
decreased at the bottom layer due to increase in 
nutrient concentraions and bacterial decomposition. 
Since abundance of HAB species such as C. 
closterium, Pseudo-nitzschia sp, G. fragilis and P. 
micans was dominant in some periods and 
dinoflagellates were dominant over diatoms 
throughout the study, the regular monitoring studies 
on the distribution, abundance and species 
assemblages of phytoplankton should be carried out. 
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